Dear Editor,

We recently read the timely article "Clinical characteristics of older patients infected with COVID-19: A descriptive study" by [@bib0015]. They categorized patients infected with 2019 novel coronavirus (COVID-19) into three groups and compared the difference between aged 50--64 years, 65--79 years and older than 80 years using Mann-Whitney *U* test They found that symptoms tended to continue in older than 80 years group and older than 80 years groups had higher risk of severity compared with other groups. They concluded that the COVID-19 infection in older patients was susceptible with a relatively high fatality rate. A variety of clinical symptoms, laboratory test results, and radiological manifestations have been reported for COVID-19 ([@bib0005]; [@bib0020]). Information on risk factors associated with mortality of COVID-19 have rapidly been accumulated. Older age, male sex, cardiovascular disease, diabetes, chronic respiratory disease, hypertension, and cancer have been found to be associated with an increased risk of mortality ([@bib0010]). As Niu et al. mentioned in their paper, elderly patients should be paid special attention because they may have typical or atypical presentations of infection and tend to have comorbidities. However, there exists limited statistical method to estimate a comprehensive risk for a case in which a patient has several characteristics and symptoms concurrently. i.e., we have a difficulty in evaluating an interrelation of patient's characteristics including comorbidities and symptoms in explaining outcome.

To evaluate an interrelation of patient's characteristics and symptoms we developed a method called the Boolean Monte Carlo method (BMCM) ([@bib0025]). In medicine, binary values (often represented by 0 and 1) are often used to represent patient characteristics, medical test results, and the presence of disease (positive or negative). Binary values can be calculated using Boolean operators (often represented by "*and*" and "*or*"), which can be regarded as an interrelation ([Fig. 1](#fig0005){ref-type="fig"} ). In BMCM, we randomly assign Boolean operators between binary variables and focus on the frequencies of operators that can explain outcomes correctly. By these processes, we can statistically determine interrelations of variables in explaining outcome and calculate statistics such as sensitivity and specificity. We applied this method to the Novel Corona Virus 2019 Dataset (<https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset>), which contained data from 1085 patients with COVID-19. In the analyses, age, fever as an onset symptom, and sex were used as explanatory variables, and death as the objective variable. For age, we set a cutoff of 65 years. Among 265 patients included in the analysis (the characteristics are shown in the [Table 1](#tbl0005){ref-type="table"} ), the interrelations for estimating death were determined as age "*and*" fever "*and*" sex (p \< 0.0001 for both operators), i.e., satisfying the three conditions of age, fever, and sex concurrently may be associated with an increased risk of mortality. In this model, sensitivity and specificity were 25 % and 89 %, respectively. These results partly reconfirmed the results of Niu et al. Carrying out the BMCM in addition to the analyses by Niu et al. might help to clarify the clinical features of COVID-19 by determining interrelations of patient's characteristics and symptoms.Fig. 1Three examples of interrelations among X, Y, and Z in explaining A using a Venn diagram. (a), (b), and (c) correspond to interrelations A = X "*and*" Y "*and*" Z, A = X "*and*" Y "*or*" Z, and A = X "*or"* Y "*or*" Z, respectively.Fig. 1Table 1Patient characteristics.Table 1n = 265Mean (SD/%)Age (years)53.3 (±17.6) ≥65 (%)55 (21 %) \<65 (%)210 (79 %)Sex (male, %)158 (60 %)Fever (yes, %)201 (76 %)Death (%)8 (3.0 %)[^1]

A contingency table or logistic regression model is often used in determining risk factors. These methods have useful aspects, whereas these methods have a difficulty in dealing with an interrelation of patient's characteristics and symptoms. This difficulty arises from an assumption that explanatory variables are independent from each other. For most elderly patients, this assumption may make no sense because an elderly patient usually has various characteristics and multiple concurrent symptoms, and these can interrelate with each other. Although the BMCM can be applied only to binary variables, it may be able to solve a part of this difficulty. Further study should be done to evaluate an interrelation of elderly patient's characteristics and symptoms.

Finally, there are still obscure parts in COVID-19. Patients, medical staff, citizens, and the government are fighting against this pandemic together in their respective roles all over the world. Investigating and clarifying the characteristics of COVID-19 step-by-step could lead to overcoming. We sincerely hope for an end to this pandemic as soon as possible and we express our respect to all of those working to overcome this situation.
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[^1]: Abbreviations: SD, standard deviation.
